Transformation and T Antigen Induction by
Transformation of hamster and rat cells by supercoiled BKV DNA has been described (Takemoto & Martin, 1976; van der Noordaa, I976) . In this study we report on transformation and T antigen induction of linearized BKV DNA obtained by cleavage with restriction endonucleases, which cleave BKV DNA once. The rationale of this study was to locate the regions of the virus genome which are involved in transformation.
Plaque purified BK virus (strain Gardner) was propagated at low multiplicity of infection (0.0o02) in roller bottle cultures of primary human embryonic cells derived from 6 to 12 week old gestation products. All cells were cultivated in Eagle's basal medium with ~o new born calf serum and antibiotics (IOO units/ml penicillin, Ioo #g/ml streptomycin and 50 units/ml mycostatin).
Low mol. wt. DNA was isolated from infected cells according to the method of Hirt (I967) and further purified by equilibrium centrifugation in a CsCI gradient containing ethidium bromide (Radloff, et al. I967) . Ethidium bromide was removed by three extractions with isoamylalcohol.
Endonuclease Kpnl was generously provided by Dr R. A. Flavell (Laboratory of Medical Enzymology, University of Amsterdam). Endonucleases BamHI, PstI, EcoRI and Hind-II+III (henceforth referred to as Hind) were prepared by the procedure described by Crawford & Robbins (I976) . Endonuclease HhaI was purchased from Bethesda Research Laboratories. Endonuclease XbaI was prepared as described by Skare & Summers (I977) . Digestions were carried out in the following incubation mixtures: BamHI in 6 mM-tris-HCl (pH 7"5), 6 mM-MgCI~; PstI and KpnI in IO mM-tris (pH 7"5), Io mM-MgCI~, I mM-dithiothreitoi, IOOmM-NaCl; Hind in 6 mM-tris (pH7"6), 6 mM-MgCI~, 6mM-2-mercaptoethanol, 50 mM-NaCI; EcoRI in 90 mM-tris (pH 8.o), Io mM-MgCI~; HhaI in 50 mM-tris-HCI (pH 8.o), 5 mM-MgCI2, o'5 mM-dithiothreitol; XbaI in I5O mM-NaCI, 6 mM-tris-HCl (pH 7"9), 6 mM-MgCI~, 6 mM-2-mercaptoethanol. With 2 #I of each enzyme preparation per/zg of virus DNA, a complete digest was obtained in 2 h at 37 °C in an incubation volume ranging from 2o to 200/zl. After the digestion EDTA was added to 20 mM and the reaction mixture was extracted once with an equal vol. of phenol and once with an equal vol. of chloroform-isoamylalcohol (24:I, v/v). Then 0"25 vol. of I M-sodium acetate (pH 5"5) and 2"5 vol. of ethanol were added and the DNA was left overnight at --20 °C. The DNA was pelleted by centrifugation at I6ooog for 20 min, vacuum dried and dissolved in either Io mM-tris-HCl (pH 7"5), Io~o (w/v) sucrose, for analysis of the DNA by electrophoresis, or in the appropriate incubation buffer for digestion with another endonuclease. DNA was electrophoresed on I ~o or 2~ agarose gels for I8 h on a horizontal gel electrophoresis apparatus at I V/cm gel. The electrophoresis buffer contained 0"o4 M-tris, 0"02 M-sodium acetate, 0"o2 M-EDTA and I #g/ml ethidium bromide (Aaij & Borst, I972) and oo22-I317/79/oooo-3459 $02.00 © I979 SGM EcoRI and PstI; 2, BamHI and KpnI; 3, BamHI and Hhal; 4, EcoRI and HhaI; 5, SV4o DNA and HpaI+II. (b) . Electrophoresis on z ~ agarose gel of BKV DNA after cleavage with various restriction endonucleases. Slot I, Hind and EcoRI; 2, Hind and PstI; 3, Hind and BamHI; 4, Hind and KpnI; 5, Hind and HhaI; 6, BamHI and KpnI; 7, Hind; 8, SV4o DNA and Hind. (c) . Mapping position of the cleavage sites on the physical map of BKV DNA. The size of the fragments was estimated by comparing their electrophoretic mobility with the mobility of SV4o DNA marker fragments; the wedge shaped extension from the circle represents the deleted region of the evolutionary variant (van der Noordaa et al. 1979) ; the origin of replication has been located at 0"67 according to Dhar et aL (I978) ; the XbaI sites have been located according to Yang & Wu (1978b The PstI sites, however, differ slightly in location (respectively o'3I and o'33), which may be due to strain differences. In our studies the Gardner strain was used while Yang & Wu employed the MM strain. The various linearized BKV DNAs were investigated for their transforming and T antigen inducing ability. For the transformation assay 2 day old subconfluent cultures of primary rat kidney cells (derived from 5 day old Wistar rats) in 50 mm Petri dishes were infected with ~ #g per dish of BKV DNA, according to the calcium method of Graham & van der Eb (I973) . The DNA was diluted in Hepes buffer (pH 7"o5), calcium chloride was added to a final concentration of I25 mM and calf thymus DNA was added as carrier (final concentration 5 #g per dish). This mixture was kept at room temperature for 3o min and then o'5 ml of the diluted DNA was added to subconfluent cultures of rat kidney cells. The medium was changed after 4 h. After 4 to 6 weeks incubation, the cultures were fixed with methanol, stained with Giemsa and the foci of transformed cells were counted.
For the T antigen assay, monolayer cultures of BSC-1 cells on coverslips were infected with o-I/tg of BKV DNA per coverslip according to the DEAE-dextran method of McCutchan & Pagano (i968) . The cells were washed with PBS and then with tris-buffered minimal essential medium (MEM-tris, pH 7"4) without serum and bicarbonate, and incubated for 30 min at room temperature in o'5 ml of MEM-tris buffer that contained 2oo#g of DEAE-dextran (Pharmacia). After removal of the DEAE-dextran, the virus DNA was added in 5o #1 samples per coverslip. After 48 h the cultures were fixed with a mixture of methanol and acetone (I: I, --2o °C). Sera from tumour-bearing hamsters were used as anti-BK T serum. The coverslips were incubated for 30 rain at 37 °C, with anti-T serum, washed twice for 5 min with PBS, incubated with conjugated serum (swine-antihamster, Nordic) for 30 rain at 37 °C, washed twice for 5 rain with PBS and mounted for microscopy. ~t Not tested. Table I The remaining activity of the PstI linear is probably due to contaminating form I DNA and to intracellular repair. We are aware of the fact that re-circularization might also have occurred in other instances since none of the linears was treated with nuclease S i. The three single cut enzymes EcoRI, BamHI and PstI generate sticky ends and linears can therefore re-circularize easily; the fact remains, however, that the biological activity of the PstI linear is most markedly affected.
From our findings it can be concluded that a single interruption at o'31 map unit on the BK virus genome leads to a strong decrease in the transforming and T antigen-inducing capacity. We favour the idea that PstI cuts within an early gene essential for transformation. Recent heteroduplex studies have shown that the region of SV4o DNA that codes for early proteins has a great sequence homology with the BKV DNA region containing the PstI site (Newell et aL 1978 ) . We have additional evidence to indicate that sequences around the PstI cleavage site are indispensable for transformation.
An evolutionary variant with a genetic deletion from o.28 to o'53 which contained the PstI site (o.30 was obtained by serial undiluted passage of BKV in primary human embryonic cells (van der Noordaa et al. I979) . This variant DNA could not induce T-antigen and transformation; its only biological activity consisted of inteference with the replication of wild type BKV DNA.
The extent of the early region anti-clockwise from the PstI cleavage site (o'31) could be demonstrated by employing XbaI-cleaved BKV DNA. This endonuclease cleaves BKV DNA at map positions 0"27 and 0"95 (Yang & Wu, I978b We have therefore concluded that cleavage by XbaI around position 0"27 prevents T antigen induction. Our findings on the position and extent of the early region of BKV DNA agree with the location of the origin of the DNA replication as described by Dhar et al. 0978) . In their nucleotide sequence study the origin of the DNA replication maps at about 0"67. This is in accordance with our results that an interruption at the HhaI cleavage site (0"74) does not strongly interfere with the expression of early functions. The extent of the early region anti-clockwise has not yet been defined. From our results with the PstI-and XbaI-cleaved DNA it can be concluded that the early region includes map position 0"27.
